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Abstract 
 
The presented analysis of the particle shape homogeneity of the reinforcement phase in the space of composite casting is made by means 
of the descriptive statistics method and the analysis of variance. The reinforcement phase consisted of SiC particles with 15% content, 
while the matrix was an AlSi11 alloy. The composites were made by the mechanical stir casting method.  
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1. Introduction 
 
The  reinforcement  structure  in  composite  castings  is 
characterized  by  non-homogeneous  distribution  within  a  given 
space  and  the  whole  casting    volume,  as  well  as  non-
homogeneous shape of its particles [1–3]. Various authors state 
that the size,  distribution and shape of this phase significantly 
affect strength properties of these materials [2, 4–12]. For this 
reason, to get the best quality composite, attempts should be made 
to obtain possibly ideal distribution and homogeneous size of the 
reinforcement  phase  particles,  which  is  in  compliance  with 
definitions of composite material [11–13]. 
Although  the  concept  of  non-homogeneity  has  various 
definitions in the literature on the subject [8–9, 11, 13], its main 
features can be described as follows: 
–  deviation  of  some  of  its  geometrical  features  from  the 
structure conventionally adopted as homogeneous; 
–  local disturbance of the structure, the intensity of which 
occurs with varying probability;  
–  variety of geometrical features of the measured elements 
resulting  from  their  orientation  (anisotropy)  or  position 
(gradient) in the examined specimen. 
In the case where these authors deal with the determination 
and description of quality parameters and defects of composite 
castings,  it  is  appropriate  to  use  the  concept  of  structure 
homogeneity. Then deviations from this feature, or defects, will 
make up structure non-homogeneity of, e.g., reinforcement phase 
particle  shape.  This  work  introduces  a  statistical  method  of 
describing the homogeneity of the reinforcement particle shape 
[14–16].    
 
 
2. Research 
 
In  order  to  carry  out  an  analysis  of  reinforcement  particle 
shape homogeneity in the casting volume, the area surfaces as 
shown in Figure 1 were examined. Four areas were prepared – 
hereinafter  called  samples  –  one  model  area  denoted  as M  in 
diagrams and tables and three sample areas marked 1, 2, 3 (points 
of sampling for the analysis as per Figure 2). All the variables A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 1 ,   S p e c i a l   I s s u e   1 / 2 0 1 1 ,   1 1 - 14  12 
describing the reinforcement phase in the areas examined (Fig. 1) 
were calculated by means of the computer program Metilo [16] 
for  image  analysis,  while  the  description  and  relationships 
between  these  variables  are  presented  using  STATISTICA  PL 
software [17]. 
      
  M  1 
    
  2  3 
Fig. 1. Areas for an analysis of reinforcement structure 
homogeneity in the casting space. M – model area,  
1,2,3 – areas of sampling for the analysis as per Fig. 2. Composite 
suspension casting: reinforcement – SiC particles, matrix: 
silumin, surface area ×600 (SEM) 
 
 
Fig. 2. Areas of sampling for the analysis of the reinforcement 
structure homogeneity in the casting space  
 
Particle shape homogeneity was assessed with a descriptive 
statistics  method  and  the  ANOVA  analysis  for  the  variable: 
percentage of particle surface area contained in a circle.  
This variable was defined by inscribing a particle in a circle 
and determining the degree, expressed as percentage, in which the 
circle  is  filled  with  the  reinforcement  phase.  This  allowed 
researcher to specify the extent to which the particle resembles a 
circle. Given below are the results of each analysis. 
Table 1 contains basic parameters of descriptive statistics and 
confidence  intervals  for  the  arithmetic  mean  and  standard 
deviation  for  the  95%  confidence  coefficient  for  the  variable 
„percentage of particle surface area contained in a circle. 
Descriptive statistics referring to the position of the variable 
„percentage  of  particle  surface  area  contained  in  a  cricle‟  are 
presented in the diagram as box plots (Fig. 3). 
Table 1.  
Basic  parameters  of  descriptive  statistics  for  the  variables: 
percentages of particle surface area contained in a circle for all 
tested samples, calculated by [17 ] 
Percentage of particle 
surface area contained 
in a cricle 
Sample 
M 
Sample 
1 
Sample 
2 
Sample 
3 
Sample size  69  98  82  66 
Mean surface area of 
particle  78.5  54.0  51.4  59.2 
Lower bound of 95% 
confidence interval for 
the mean 
74.5  49.5  46.0  53.0 
Upper bound of 95% 
confidence interval for 
the mean 
82.4  58.5  56.8  65.4 
Median  83  47.2  48  62.5 
Mode  5  7  4  4 
Total  5414.0  5290.8  4217.0  3908.0 
Minimum  36  15  6  6 
Maximum  99  97  98  94 
Lower quartile  72  36  31  38 
Upper quartile  90  74  69  80 
Standard deviation  16.36  22.26  24.58  25.31 
Lower  bound  of  95% 
confidence interval for 
the standard deviation 
14.01  19.52  21.31  21.61 
Upper  bound  of  95% 
confidence interval for 
the standard deviation 
19.66  25.90  29.04  30.55 
Coefficient  of  varia-
tion  21%  41%  48%  43% 
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Fig. 3. Visual representation of position measures for the variable 
„percentage of particle surface area contained in a circle‟ based on 
Table 1, box plot [14 ], made by means of [17 ] 
 
It can be noted from an analysis of the  variable „percentage of 
particle surface area contained in a circle‟ that the closer measure-
ment results are to 100 %, the lower the non-homogeneity is. That 
is why the model sample contains most of the particles in the 72% 
– 90% range, and observations below 45% are outlying values. 
Samples 2 and 3 are the most non-homogenous in terms of par-
ticle shape, as their non-outlying ranges are the greatest (Fig. 3). 
Another criterion applied to the assessment of particle shape 
non-homogeneity is the classical coefficient of variation [14,18] 
Sample M   Sample 1   Sample 2   Sample 3 
CASTING 
Sample 1 
Sample 3 
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depending on the standard deviation and the arithmetic mean of 
the variable. The table below contains relevant calculations. 
 
Table 2. 
The  classical  coeficient  of  variation  of  particle  shape  in  the 
samples tested, calculated by means of [17] 
Classical coefficient of 
variation of particle shape 
Sample 
M 
Sample 
1 
Sample 
2 
Sample 
3 
Variable – percentage of 
particle surface area 
contained in a circle 
21%  41%  48%  43% 
 
If we examine the coefficients of variation for each sample, 
the conclusion follows that in terms of particle shape the sample 2 
varies the most from the model sample, while sample 1 is the least 
non-homogeneous.   
In the next step the variable „percentage of particle surface 
area contained in a circle‟ was subjected to an ANOVA analysis.  
The null hypothesis: 
1 2 3 n 0 X X X X H :m m m m , 
was verified against an alternative hypothesis: 
H1: not all means are equal. 
The value of test statistic F and the critical level of probability 
p are given in the diagram (Fig. 5). 
At the significance level   = 0.05 the null hypothesis on equal 
mean  values  should  be  rejected  in  favour  of  the  alternative 
hypothesis. 
The  ANOVA  analysis  has  shown  that  examining  the 
percentage of particle surface area contained in a circle we can 
observe  that    the  samples  1,  2  and  3  have  non-homogeneous 
particle shape and differ from the model sample (Fig. 4). 
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Fig. 4. Results of the ANOVA analysis of the variable 
„average percentage of surface particles contained in a circle‟, 
performed using [17] 
 
To assess the degree of non-homogeneity of each sample the 
ANOVA analysis was used for comparing the mean percentage of 
particle surface area contained in a circle with the mean value of 
this variable of the model sample. 
Tests for the sample 1: 
1M
1M
0 X X
1 X X
H :m m
H :m m
 
The value of test statistic F and the critical level of probability 
p are given in the diagram (Fig. 5). 
F(2, 164)=30,177, p=,00000
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Fig. 5. Results of the ANOVA analysis comparing the variable 
„average percentage of surface particle contained in a circle‟ for 
sample 1 with the corresponding mean value of the model sample, 
performed using [17] 
 
At the significance level   = 0.05 the null hypothesis on equal 
mean  values  should  be  rejected  in  favour  of  the  alternative 
hypothesis.  This  means that  the sample 1 statistically  shows  a 
significant  difference  from  the  model  sample  in  terms  of  the 
percentage of particle surface area contained in a circle (Fig. 5). 
 
Tests for the sample 2: 
2M
2M
0 X X
1 X X
H :m m
H :m m
 
The value of test statistic F and the critical level of probability 
p are given in the diagram (Fig. 6).  
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Fig. 6. Results of the ANOVA analysis comparing the variable 
„mean percentage of surface particles contained in a circle‟ for 
sample 2 with the corresponding mean value of the model sample, 
performed using [17] 
 
At the significance level   = 0.05 the null hypothesis on equal 
mean  values  should  be  rejected  in  favour  of  the  alternative 
hypothesis.  This  means  that  the  sample  2  statistically  shows 
a significant difference from the model sample in terms of the 
percentage of particle surface area contained in a circle (Fig. 5). 
Test for the sample 3: 
3M
3M
0 X X
1 X X
H :m m
H :m m
 
The value of test statistic F and the critical level of probability 
p are given in the diagram (Fig. 7). 
      Sample 1      Sample 2      Sample 3      Sample M 
         Sample 1                Sample M 
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At the significance level   = 0.05 the null hypothesis on equal 
mean values should be rejected in favour of the alternative hypo-
thesis. This means that the sample 3 as well statistically shows 
a significant difference from the model sample in  terms of the 
percentage of particle surface area contained in a circle (Fig. 7). 
In  the  ANOVA  analysis  used  for  the  assessment  of  non-
homogeneity of shapes in the samples we can adopt the value of 
the test statistic  F as the coefficient determining the degree of 
non-homogeneity [14, 18–20], which is presented in Table 3. 
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 Fig. 7 Results of the ANOVA analysis comparing the variable 
„mean percentage of particle surface area contained in a circle‟ for 
sample 3 with the corresponding mean value of the model sample, 
performed using [17] 
 
Table 3.  
The value of the test statistic F – coefficient F determining the 
degree of particle shape non-homogeneity in the tested samples in 
relation to the model sample 
Coefficient F –  
test statistic F  Sample 1  Sample 2  Sample 3 
Variable  –  percentage  of 
particle surface area contained 
in a circle 
30.18  40.38  24.36 
 
It follows from the above that the sample 2 is the most non-
homogeneous as indicated by the percentage of particle surface 
area contained in a circle. 
 
 
3. Summary 
 
The  foregoing  analysis  deals  with  the  reinforcement  phase 
particle shape homogeneity in the space of composite suspension 
casting, performed by descriptive statistics methods and analysis 
of  variance.  The authors  propose  a  description  of  this  feature, 
which will substantially contribute to the quality improvement of 
tested materials. 
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